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ABSTRACT
Central compact objects (CCOs) are thought to be young thermally emitting
isolated neutron stars that were born during the preceding core-collapse super-
nova explosion. Here we present evidence that at least in one case the CCO
could have been formed within a binary system. We show that the highly red-
dened optical source IRAS 17287−3443, located 25′′ away from the CCO candidate
XMMUJ173203.3−344518 and classified previously as a post asymptotic giant branch
star, is indeed surrounded by a dust shell. This shell is heated by the central star to
temperatures of ∼ 90 K and observed as extended infrared emission in 8-160µm band.
The dust temperature also increases in the vicinity of the CCO which implies that it
likely resides within the shell. We estimate the total dust mass to be ∼ 0.4− 1.5M
which significantly exceeds expected dust yields by normal stars and thus likely con-
densed from supernova ejecta. Taking into account that both the age of the supernova
remnant and the duration of active mass loss phase by the optical star are much shorter
than the total lifetime of either object, the supernova and the onset of the active mass
loss phase of the companion have likely occurred approximately simultaneously. This is
most easily explained if the evolution of both objects is interconnected. We conclude,
therefore, that both stars were likely members of the same binary system disrupted by
a supernova.
Key words: stars: AGB and post-AGB – stars: neutron – binaries: general – stars:
formation – ISM: supernova remnants
1 INTRODUCTION
Central compact objects (CCOs) are X-ray point sources
without optical, radio, or pulsar wind nebula counterparts,
found close to the centres of several young supernova rem-
nants (SNRs). Their X-ray fluxes are constant within observa-
tional constraints and potential counterparts that would hint
at accretion-dominated emission scenarios are not known. X-
ray pulsations have been detected from three out of the eight
CCOs known so far. All this suggests that CCOs are likely
young ≤ 104 yr isolated neutron stars (NSs), still cooling af-
ter their birth in a core-collapse supernova explosion (Pavlov
et al. 2004; de Luca 2008). Measurements of the spin-down
rates of pulsating CCOs imply very low dipole magnetic fields
of the order of 1010− 1011 G, compared to the regularly mea-
sured neutron star magnetic fields of ∼ 1012 G or to the even
higher magnetic fields derived for magnetars. For this reason
CCOs are sometimes dubbed “anti-magnetars” (Halpern &
Gotthelf 2010a; Gotthelf et al. 2013). It is unknown, however,
whether all of the CCOs are weakly magnetised, and whether
they were born with these low magnetic fields.
In fact, detailed analysis of individual sources reveals
CCOs as a rather diverse and intrinsically controversial sam-
ple. The high pulsed fractions observed in pulsating CCOs
imply strong magnetic fields are necessary to explain non-
uniform cooling of the NS surface (Bogdanov 2014). The long
spin period (6.7 h) of the CCO candidate 1E 161348−5055
(Garmire et al. 2000) and superluminal echoes detected from
Cas A (Krause et al. 2005) also favour magnetar-like CCO
fields at those objects. Recently, Ho (2011) proposed that
the dipole magnetic field of CCOs could have been “buried”
during a hyper-accretion episode shortly after the supernova
explosion. In this case different observational appearances of
individual objects could be attributed to different properties
of their birth environment.
Here we report the discovery of extended infrared
emission towards the centre of the non-thermal shell-
c© 2015 The Authors
ar
X
iv
:1
50
8.
03
55
7v
2 
 [a
str
o-
ph
.H
E]
  7
 M
ar 
20
16
2 V. Doroshenko et al.
type SNR G353.6−0.7 which hosts the CCO candidate
XMMUJ173203.3−344518. We show that the observed emis-
sion is associated with dust heated by the optical source
IRAS 17287−3443, previously classified by Sua´rez et al.
(2006) as a post asymptotic giant branch (post-AGB) star.
The large mass of dust in the shell suggests that the post-
AGB wind is carving the proto-planetary nebula from mate-
rial produced in the SN explosion and further supports the
association with the SNR.
Both the SNR age and the duration of the active mass
loss phase of the central star are much shorter than the life-
time of both objects, suggesting that the supernova explosion
and the mass loss by the central star occurred approximately
simultaneously. Such coincidence suggests that the evolution
of two objects is likely interconnected which can only happen
if both objects were members of the same binary system
disrupted by the supernova explosion. We note that in this
case the “buried” magnetic field scenario at the CCO is more
likely to be realised as otherwise accreted material could only
be supplied from the supernova ejecta.
2 EXTENDED INFRARED EMISSION
In this study, we used data products provided as part of
the GLIMPSE (Churchwell et al. 2009) and MIPSGAL
(Carey et al. 2009) surveys performed with the Infrared
Array Camera (IRAC, 3.6-8µm) and the Multi-band Imag-
ing Photometer (MIPS, 24-160µm) onboard the Spitzer
space telescope. We also used public data (observations
1342214713, 1342214714) from the Photodetector Array
Camera & Spectrometer (PACS, 70-160µm) onboard the
HERSCHEL space telescope, and XMM-Newton observa-
tions (0405680201, 0673930101, 0694030101, 0722090101,
0722190201) to image the SNR X-ray shell in the 0.2-10 keV
energy range. Finally, we used Chandra ACIS-I data (ob-
servation 9139) for point source localisations. In all cases,
we followed standard reduction procedures described in the
respective instrument’s documentation.
As part of an ongoing multi-wavelength analysis of the
SNR emission, we inspected MIPSGAL maps covering the
source. Immediately, the very peculiar extended structure
coincident with the geometric centre of the X-ray SNR shell
attracted our attention (see Fig. 1). Extended emission is
detected across the 8µm to 160µm wavelength range, also in
WISE and AKARI all-sky surveys. The highest luminosity
is seen in the MIPS 24µm band. The extended emission
region has a radius of ∼ 0.′5− 2.′5, and its surface brightness
strongly peaks towards the bright inner 0.′5 core, particularly
at shorter wavelengths. In the IRAC 8µm band, only the
core is detected, and no extended emission is detected at
shorter wavelengths. This strongly suggests that the warm
dust with a temperature of ∼ 90 K heated by a central source
is responsible for the observed emission. We note that while
collisional heating by hot shocked ejecta is normally expected
to be an important ingredient in the thermal balance of dust
residing within SNRs (Dwek et al. 2010), it is apparently not
the case for G353.6-0.7.
Indeed, the temperature of the collisionally heated dust is
expected to be defined by the temperature and density of hot
ejecta and be fairly uniform throughout the SNR. However,
as illustrated in Fig. 3, the observed dust temperature radial
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Figure 1. False-Colour X-ray and infrared emission image in the
region around the SNR G353.6−0.7. The RGB colours correspond
to HPACS 70µm (red), MIPS 24µm (green), and XMM-Newton
0.2-10 keV (blue) data, respectively. The intensity scale is loga-
rithmic for all channels. The SNR shell in X-rays and the infrared
dust shell are visible in the centre. The small box indicates the
central part of the structure presented in Fig 2 in more detail.
Galactic coordinates are also shown for reference.
profile of the bright central shell is fully consistent with
heating by the central source. Moreover, the observed X-ray
emission from the remnant is known to be purely non-thermal
and thus provides no observational evidence for presence of
hot ejecta in this source (Acero et al. 2009; Bamba et al.
2012). We conclude, therefore, that heating by the central
source dominates the dust thermal balance in the core of the
shell. We note, however, that the heating efficiency of the
central star decreases rapidly with distance, so collisional
heating might still play some role in the outer parts of the
remnant.
A bright point source only slightly offset (∼ 10′′) from
the apparent geometrical centre of the extended structure is
detected in the near-infrared, optical, ultraviolet (UV), and
X-ray bands. We label it the “central star” (the object should
not be confused with the CCO). It is the only bright source
close to the centre of the extended emission and thus is likely
the heating source for the dust. Analysis of the combined
spectral energy distribution (SED) of the central star and the
dust shell (see section 2.1) and of the observed dust’s radial
temperature profile (see Fig. 3 and appendix A1) strongly
support this conclusion.
Two jet-like structures are clearly visible at 8µm, ex-
tending from the central star in the direction perpendicular
to the line connecting the star with the CCO, as illustrated in
Fig. 2. These “jets” can also be traced at longer wavelengths.
A second axis of symmetry, bisecting the outer “whiskers”
visible in the 24 and 70µm bands in the southeast-northwest
MNRAS 000, 1–9 (2015)
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Figure 2. False-Colour X-ray and infrared emission image from
the core of the infrared shell. The RGB colours correspond to
Chandra X-ray 0.2-10 keV (blue), IRAC infrared 8µm (green), and
HPACS 70µm (red) data. The intensity scale is logarithmic for
all channels. Overlaid are equal brightness levels from the MIPS
24µm band. Note that around the CCO the infrared emission is
suppressed in the 70µm band and enhanced in the 24µm band
suggesting higher dust temperature.
direction, also crosses the central star, as seen in Fig. 2. We
conclude, therefore, that the morphology of the extended
emission also supports an association with the central star.
Indeed, the CCO and the dust shell appear to be in-
teracting. In particular, the infrared emission around the
CCO is suppressed in the 70µm band and enhanced in the
24µm band as illustrated in Fig. 2. This strongly suggests
additional heating of the dust by X-ray emission from the
neutron star which can only be effective if the neutron star is
submerged in the dust shell. The faint X-ray glow around the
CCO, as visible in Fig. 2, has been shown to be inconsistent
with pure point-source emission and indeed was interpreted
by (Halpern & Gotthelf 2010b) as a dust-scattering halo
around the CCO. We conclude, therefore, that the dust shell
responsible for the observed infrared emission encloses both
the CCO and the central star which heats the dust to the ob-
served temperatures, and thus all three objects reside within
the SNR shell. In the remaining sections we will demonstrate
that all observed properties of the dust and the central source
are consistent with this conclusion.
2.1 SED analysis
To obtain the SED of the central star, we used optical and
near-infrared fluxes reported in the USNO-B (Monet et al.
2003) and 2MASS (Skrutskie et al. 2006) catalogues. In
addition, data from the optical monitor onboard the XMM-
Newton observatory were used to estimate fluxes in the
ultraviolet band. The dust emission is dominated by the com-
pact core and appears as a point source for most instruments,
so as as a first approximation for the SED analysis of the
extended emission, we used calibrated fluxes reported for
IRAS 17287-3443 in the AKARI-FIS (Yamamura et al. 2009),
the IRAS-PSC (Helou & Walker 1988), the MSX (Egan et al.
1999), and the WISE-PSC (Wright et al. 2010) catalogues.
The combined SED for both the central star and the dust
shell is presented in Fig. 3.
To describe the observed SED, we assumed blackbody-
type emission subject to interstellar extinction (Fitzpatrick
1999) for the central star, whereas for the dust emission we
used a modified blackbody model (Draine & Lee 1984) of the
form Fλ ∼ λ−βBλ(Tdust). Here β is the dust emissivity index
and Bλ(Tdust) is the blackbody photon distribution (see also
appendix A1 for details). The two components can be fit
independently with best-fit temperatures of T∗ ≥ 9000 K
for the optical star and Tdust ' 90 K for the dust with an
assumed typical grain size of 0.1µm and β = 2 (Planck
Collaboration et al. 2014).
Strong intrinsic correlation between the temperature
and the extinction coefficient together with high foreground
absorption towards the source make the temperature (and
thus luminosity) of the central star unconstrained from the
fit even though the SED contains UV fluxes. This degeneracy
can be resolved with additional assumptions on the extinction
in the direction of the source. For instance, the extinction
coefficient AV ∼ 9 can be estimated based on the observed
X-ray absorption in the direction of the CCO (Acero et al.
2009; Tian et al. 2010; Halpern & Gotthelf 2010b; Klochkov
et al. 2013), as detailed in appendix A2. This implies the
luminosity of ∼ 6 × 103 L which, as discussed below, is
sufficient to heat the dust to the observed temperature.
Comparison of the 8, 24, and 70µm images implies
that the dust temperature increases towards the centre of
the shell, thus strongly suggesting heating by the central
source. Modelling of the dust temperature or, equivalently,
the observed flux ratio in the 24 and 70µm as function of
distance from the central source provides, therefore, another
way to constrain its luminosity as described in appendix A1.
In fact, simultaneous modelling the SEDs of the optical star
and the dust together with the observed radial temperature
profile (via the flux ratio in 24 and 70µm bands) allows us to
unambiguously relate the temperature of the central source
and the dust grain size which remains the only unknown
parameter. Note that in this case no assumptions on the
extinction coefficient are required. However, we note that
its best-fit value remains consistent with the estimate based
on X-ray absorption for an assumed average grain size a ∼
0.1µm, typical for cosmic dust. The results for this case are
presented in Fig. 3 and Table 1.
Note that, as we show in section 3.1, the temperature
and the luminosity of the central star are consistent with both
the observed SED (under the assumption that the source
is at the same distance as the SNR) and with the previous
classification of the central source as a post-AGB core by
Sua´rez et al. (2006) although detailed optical spectroscopy
is required to unambiguously establish its spectral class.
Therefore, we conclude that the SEDs of the dust and the
central source are consistent with the hypothesis that the
observed infrared emission comes from the dust shell heated
by the central star located within the SNR.
3 DISCUSSION
3.1 Total dust mass
To understand the origin of the observed dust it is important
to estimate its mass. In principle, for single-temperature dust
MNRAS 000, 1–9 (2015)
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Figure 3. Top left: Combined broadband-SED of the central post-AGB star and its dust shell. Top right: Observed ratio of 24 to 70µm
fluxes as a function of the distance to the central star. The resulting radial distribution of the temperature (bottom left) and projected
dust mass (bottom right) in the shell, estimated from the observed 24 and 70µm fluxes, are shown for an assumed grain size of a = 0.1µm.
AV T∗/1000 K L∗/L Tdust Mdust/M β
8.67(3) 91(5) 5788(25) 89(2) 0.4(1) 2.0(1)
Table 1. Best-fit parameters for the joint fit of the SED and
radial temperature profile of the shell for an assumed grain size
a = 0.1µm and ignoring projection effects. Uncertainties to last
significant digit at 1σ confidence level are given in the parenthesis.
its mass can be estimated directly from the normalisation of
the SED. However, given the observed temperature gradient
away from the central star, a single temperature model is not
justified. Indeed, the strong dependency of dust emissivity
on temperature L ∼< QIR > T 4 implies that the colder
outer regions do not contribute much to the observed flux,
but might contain a large fraction of the total dust mass
(here < QIR > is the Planck-averaged dust emissivity for
a given temperature). Therefore, we estimated the mass of
the shell using the radial mass profile derived using observed
radial flux profiles in the 24µm and 70µm bands under the
assumption that the dust is in thermal equilibrium with the
irradiating flux at each distance from the central star. The
resulting projected dust mass profile for a = 0.1µm grains is
presented in Fig. 3. Note that due to projection effects this
figure may underestimate the total mass by up to an order
of magnitude (see appendix A1).
The assumed grain size also strongly affects the es-
timated mass of the dust. In particular, grain sizes from
a = 1.5µm to a = 0.001µm correspond to total dust masses
between 0.03 and 50 M. Such a large uncertainty appears
mainly because the SED of the central source does not al-
low us to constrain its reddening, effective temperature, and
luminosity simultaneously. This degeneracy can be resolved
through constraints on the central star’s luminosity, either
observational or theoretical. For instance, as discussed above,
optical extinction can be estimated based on the observed
X-ray absorption which would result in shell parameters close
to those reported in Table 1.
Furthermore, temperatures and luminosities of real stars
are not arbitrary and can be estimated based on stellar evo-
lution considerations. For instance, if we assume that the
central star is indeed going through a post-AGB phase, the
luminosity can be constrained using the theoretical evolu-
tionary tracks of post-AGB stars as presented in Fig. 4 for
MNRAS 000, 1–9 (2015)
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Figure 4. The temperature of the central source as derived from
a combined SED and temperature profile analysis (red line), and
evolutionary tracks of post-AGB stars with different masses. The
dust grain size, the age of the star, and the total mass of the dust
shell (for an assumed distance of 3.2 kpc) corresponding to each
track are also shown.
several representative initial masses (Bloecker 1995). In the
same figure, the temperature and luminosity of the central
source required to explain the observed dust temperature
profile is shown (based on the joint fitting of the SED and
dust temperature profile as function of grain size acting as a
free parameter).
Stars evolve along the tracks toward higher temperatures
so the intersection of this line with evolutionary tracks not
only implies a certain stellar luminosity, but also the time
since the beginning of the AGB phase. Note that stars with
large initial masses evolve too fast to survive long enough
to explain both the observed infrared shell temperature and
extent, so low luminosity tracks are preferred. This conclusion
is also consistent with the relatively low observed X-ray
luminosity of the central star (assuming the same X-ray to
optical flux ratio as in other post-AGB stars (Ramstedt et al.
2012) of 10−5). We would like to emphasise that evolutionary
tracks with lower luminosities in this case also correspond to
dust with a canonical grain size of 0.1µm.
Note that different assumptions on distance to the source
would not move the red line in Fig. 4 since these do not affect
the dust temperature radial profile (see appendix 3.1). On the
other hand, the derived dust mass and grain size do change,
increasing and decreasing with the assumed distance for given
luminosity, respectively. We conclude, therefore, that while
the uncertainty in distance remains, both the SED of the
central star and the dust temperature radial profile can be
consistently modelled if dust consisting of ∼ 0.1µm grains
(which is typical for dust observed in the Galaxy) is heated
by a low mass post-AGB star with age comparable to the
age of the SNR.
This implies, however, that the dust must consist of
grains with the average size of 0.1µm, which corresponds
to a total mass of dust in the shell of ∼ 0.4M ignoring
projection effects (and up to 1.5-3M if these are taken into
account, see appendix A1). This is at least two orders of
magnitude more than dust yields expected from AGB stars
which are between 10−5 − 10−2.5M (Meijerink et al. 2003;
Ventura et al. 2012), or, in fact, from any other known stars.
There are several possibilities to explain this discrepancy.
First, the mass of the shell could be overestimated if the
assumption that the dust is only heated by the central source
does not hold. Inspection of the 8-70µm images does indeed
suggest that there is some emission in the North-Eastern and
South-Western parts of the remnant outside of the inner dust
shell, which seems to be spatially correlated with the diffuse
X-ray emission from the SNR. Therefore, it is unlikely to be
background emission. It also can not be dust heated by the
central star due to large spatial distance separating them.
In fact, such emission might be what one normally would
expect to see within an SNR where the dust condensed from
supernova ejecta is collisionally heated by cooling ejecta gas.
However, the extended structure considered in our analysis
is much brighter than anything else within the remnant and
has a temperature distribution fully consistent with heating
by a point source which thus dominates thermal balance of
the dust.
On the other hand, past studies of dust formation in
post-AGB atmospheres assumed that the dust condenses
from the wind of an isolated star, expanding into the ISM.
Apparently, this is not true for a star which was previously
a member of a binary system which now resides inside the
boundaries of an SNR containing metal-rich supernova ejecta.
Indeed, conditions in winds of post-AGB stars are much less
severe than those in supernova ejecta and are more suitable
for dust condensation. However, atmospheres of AGB stars
mostly consist of hydrogen which leads to comparatively
low dust yields. Therefore, mixing of post-AGB wind with
metal-rich material from supernova ejecta is likely to enhance
overall dust production.
Finally, the dust contained in the proto-planetary nebula
may not at all originate from the central star. Typically, the
dust in proto-planetary nebulae has been pre-supplied during
the intense mass-loss phase of the AGB star (Kwok 1993).
However, SNe themselves are also prodigious formers of dust
with masses of > 0.5 M possible in core-collapse ejecta, see
e.g. Bianchi & Schneider (2007). Typically, the passage of
the SNR reverse shock will destroy most, if not all, of the
ejecta dust, (Nozawa et al. 2007). However, in the case of
SNR G353.6−0.7, which is a purely non-thermal remnant in
X-rays (H.E.S.S. Collaboration et al. 2011), we would not
expect this to happen since non-thermal SNRs are thought
to be evolving in very low-density bubbles blown by the
progenitor massive star (Berezhko & Vo¨lk 2010), prohibitive
to the formation of a strong reverse shock. Therefore, the
majority of the dust could have survived to the current age.
Assuming that wind from the central star has sufficiently high
velocity, it can catch and shape some of this dust. Taking
into account that the spatial size of the remnant exceeds that
of the dust shell just by factor of three, this does not seem
improbable. This scenario would offer further evidence for
the association of the CCO and the central star. Note that in
this case the central star is, in principle, not required to be an
effective dust producer and must only have a sufficiently fast
wind and high luminosity. These requirements are satisfied,
for instance, by most WR stars. The classification of the
central source as a post-AGB star by Sua´rez et al. (2006)
seems, however, quite robust, and there is no apparent reason
MNRAS 000, 1–9 (2015)
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to question it even if the bulk of the dust is not condensed
directly from stellar material.
3.2 Chance neighbours or relatives?
As discussed above, all observational facts point to the con-
clusion that the dust shell encloses both the CCO and the
central star. Adopting the distance to the SNR of 3.2 kpc
(H.E.S.S. Collaboration et al. 2011; Tian et al. 2010; Klochkov
et al. 2013, 2015), the observed angular distance of ∼ 25′′
between the CCO and the central star implies a projected
distance of just ∼ 0.4 pc between the two objects1. The
average density of AGB-stars in the Galaxy is ∼ 1 kpc−3
(Jackson et al. 2002), so the probability that the two objects
are chance neighbours is very low. Given the nature and the
recent history of the two objects, the hypothesis that they
were members of the same binary system before the super-
nova explosion of the CCO’s progenitor star is immediately
very suggestive.
This conclusion is indirectly supported by the observed
morphology of the infrared emission. Indeed, the jet-like
structures seen at shorter wavelengths form a clear axis
of symmetry resembling the one seen in bipolar planetary
nebulae (Dobrincˇic´ et al. 2008), which are usually associated
with collimation of outflowing wind due to orbital motion
in a binary system (Solf & Ulrich 1985). Another symmetry
axis perpendicular to the jets bisects the outer “whiskers”
and passes directly through the CCO. This is highly unlikely
to be simply by chance or due to projection effects, but can
be explained if the two objects were in the past members
of a binary system destroyed by a supernova explosion. The
observed 25′′ offset between the central star and the CCO is
consistent with this hypothesis. Assuming that the supernova
explosion happened ∼ 4.5 kyr ago implies that the two stars
move away from each other with a projected velocity of
∼ 100 km s−1, which is not unreasonable.
Moreover, the ages of the infrared structure and the SNR
shell must be comparable. Indeed, we already discussed that
if the central source is a post-AGB star it must have entered
the mass loss phase quite recently. Furthermore, terminal
wind velocities of massive stars are usually below 1000 km s−1,
therefore the 5′ extension measured for the infrared shell
implies a lower age limit of ∼ 4500 yr consistent with the
existing estimates for the SNR’s age (Yang et al. 2014). On
the other hand, both the post-AGB phase of the central
star and the X-ray bright phase of the SNR are expected
to have relatively short lifetimes (≤ 10000 yr), limiting the
maximum ages of both objects. Given that the total lifetime
of both stars is much longer than 10 kyr, such coincidence is
unlikely unless their evolutionary paths are interconnected,
i.e. they were members of the same binary system disrupted
by a supernova explosion ∼4-10 kyr ago. In this case, either
the supernova explosion could have been triggered by the
1 Distances well beyond the Galactic centre are strongly dis-
favoured since they would imply an unrealistically large CCO
radius (Klochkov et al. 2013, 2015), and also a TeV luminosity
of the SNR by far exceeding that of other similar sources (Acero
et al. 2015). A distance at 5-6 kpc (Fukuda et al. 2014) would not
change our conclusions.
enhanced mass transfer from the companion which entered
the AGB phase or vice-versa.
3.3 Accretion onto the neutron star
The “buried field” scenario proposed by Ho (2011) to explain
apparently low magnetic fields of the CCOs invokes a pow-
erful accretion episode soon after the supernova explosion.
Mass loss rates of AGB stars can reach ∼ 10−4M yr−1 (Mei-
jerink et al. 2003), and although the current distance between
the central star and the CCO implies that the plasma density
in the vicinity of the neutron star is too low to explain the
observed X-ray luminosity of 1034 erg s−1 by accretion of this
material onto the neutron star, the situation could have been
quite different in the past.
Indeed, accretion at much higher rates should have been
possible when the neutron star was closer to its former com-
panion and was thus submerged in the much denser and
slower wind, or even in a common envelope surrounding the
former binary components. In the latter case, accretion rates
of up to 10−3M yr−1 (Chevalier 1993) can be expected. Indi-
rect evidence that powerful accretion did indeed take place in
the past comes from the fact that XMMUJ173203.3−344518
is the most luminous CCO known to date, despite not be-
ing the youngest. This suggests that it must have also been
heated after the supernova explosion, likely due to accretion.
Moreover, as discussed above, the gap between the outer
“whiskers” visible in the 24-70µm images is perfectly aligned
with the line connecting the central source and the CCO.
This can naturally be explained if the dust was destroyed
by strong X-ray emission from the neutron star during its
early high-accretion rate state. This can also be the reason
for the overall asymmetric shape of the extended emission.
The proposed model to explain the observational evidence
is thus that the neutron star was indeed accreting at high
rates in the past, shortly after the supernova explosion. This
would imply that the system exhibits the first observational
evidence for the “buried magnetic field” scenario proposed
by Ho (2011) to explain the slow spin evolution of CCOs.
4 CONCLUSIONS
We report on the discovery of the infrared shell surrounding
a post-AGB star projected at the geometrical centre of the
supernova remnant G353.6−0.7. Based on the analysis of
infrared data, we conclude that the observed emission comes
from a dust shell heated by the central star likely located
within the supernova remnant. Furthermore, additional dust
heating by the CCO suggests that the shell encloses both the
central star and the CCO and, therefore, resides within the
supernova remnant. Based on the morphology of the infrared
shell and comparison of its evolutionary timescale with that
of the SNR, we conclude that the post-AGB star and the
progenitor of the remnant’s CCO were likely members of the
same binary system disrupted by the supernova explosion.
This could be the first evidence for a binary origin of a CCO.
We note that, in this case, accretion of metal-rich material
onto the neutron star early on after the supernova explosion
could explain the slow spin evolution of CCOs via the “buried
field” scenario and high carbon content in the atmosphere of
the neutron star.
MNRAS 000, 1–9 (2015)
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In addition, we estimated the mass of the dust in the
shell and concluded that it significantly exceeds the expected
dust yield from the central post-AGB star and is closer to
that from the supernova. This suggests that the interaction
of the central stars’ wind with the ejecta enhances the dust
formation in central parts of the remnant. We note that a
significant fraction of all core-collapse supernovae are ex-
pected to occur in binary systems, often with medium sized
companions, which have similar evolutionary paths as the
central star in SNR G353.6−0.7. The contribution of such
systems to the Galactic dust budget has not been assessed
thus far, and, given the large estimated dust mass around
the central star in SNR G353.6−0.7, could be an important
dust formation mechanism.
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APPENDIX A: APPENDIX
A1 Dust mass and thermal balance.
The infrared flux from the dust envelope observed at Earth
can be approximated as
λFλ =
2pia2N
4piD2
QIR(a, λ)
2hc2/λ4
(ehc/λkTdust − 1)
where D is the distance to the source, QIR ' (2pia/λ)β is the
dust emissivity of grains with size a at a given wavelength
(Draine & Lee 1984) and N is the total number of dust
grains. The dust mass Mdust = 4/3pia
3ρN can, therefore, be
estimated from the observed flux if the grain size and density
ρ are known or assumed. The problem is, however, that the
emissivity index β and grain parameters are generally not
known, which strongly affects the estimated dust tempera-
ture and mass. On the other hand, dust only emits because
it is heated by an external source. To within an order of
magnitude, the thermal balance of dust grains in an external
radiational field at given distance d∗ from the heating source
can be described as
L∗(T∗)/4pid
2
∗ < QUV (T∗) >= 4 < QIR(Tdust) > σBT
4
dust
where L∗, T∗ are its luminosity and effective temperature,
Tdust is the dust temperature, and < QIR > and < QUV >
are the Planck-averaged dust emission and absorption cross-
sections (Draine & Lee 1984). For a given emissivity law (i.e.
emissivity index β), the observed dust temperature at a given
distance can be estimated using the ratio of 24 and 70µm
fluxes. On the other hand, β can be constrained using the
broadband SED. In fact, the situation is more complicated
due to the dependence of < QIR >,< QUV >, and β on
temperature, so the observed flux ratio must be modelled
simultaneously with the broadband SED to obtain a self-
consistent solution.
We measured the radial flux profiles in the 24 and 70µm
bands using a set of circular annuli with radii from 60′′ to
270′′ and a width of 4′′, centred on the central source as
shown in Fig. A1. We excluded the inner 1′ core from the fit
due to saturation of MIPS data and a potentially complex
structure due to presence of the “jets” and additional heat-
ing of the dust by X-rays from the neutron star. From the
observed fluxes we subtracted the background measured in
the outer annulus with a radius of 270-350′′, where no source
emission is apparent. We also included a systematic error of
5% to account for absolute flux calibration uncertainties of
both MIPS and PACS and included a temperature-dependent
colour correction as described in the respective instruments’
documentation, to calculate the expected fluxes for a given
temperature. We also assumed a distance to the object from
Earth of 3.2 kpc, and an astronomical silicate dust compo-
sition with cross-sections from (Draine & Lee 1984; Laor &
Draine 1993). We would like to emphasise here that thermal
balance equation itself does not depend on the assumed dis-
tance to the source D. Indeed, the observed luminosity of the
central source L∗ ∝ Fobs,bolD2 has the same dependence on
distance as the physical distance from grains to the central
source d2∗ ∝ (αD)2. However, the observed bolometric flux
Fobs,bol is uncertain due to strong reddening of the optical
star. Therefore, either extinction coefficient or distance to the
source have to be assumed to constrain the luminosity of the
source. We verified also that the main results are not changed
if a carbon composition as provided by the same authors
is assumed. Calculated flux ratios were then compared to
the observed values by simultaneously fitting the flux ratio
profile and the SED. Once the parameters of the fit are fixed,
the dust mass in each radial region can be calculated from
the respective normalisation in the same way as for the SED.
Note that we ignored the projection effects as the true
geometry of the shell is not known. Dust can be considered
optically thin in the infrared, so fluxes measured within an-
nular regions represent, in effect, a combination of emission
from individual spherical shells defined by corresponding
annular extraction regions. The contribution of each shell to
the flux measured in a given region is proportional to the
volume occupied by dust within the intersection between the
respective spherical shell and annular cylinder. In principle,
knowledge of the three-dimensional structure of the shell is,
therefore, required to model the observed emission. However,
a strong dependence of the total flux on temperature and
fast drop of temperature with distance to the heating source
imply that the contribution of outer annuli to the flux mea-
sured from a given region is negligible. Indeed, even without
accounting for projection effects the observed flux ratio in the
24 and 70µm bands is consistent with the predicted radial
temperature profile.
However, projection directly affects the dust mass esti-
mate. It is trivial to show that the volume of intersection
between the co-centric spherical shell and annular cylinder
relative to the total volume of the respective spherical shell is
Vx/Vshell = (r
2
o − r2i )1.5/(r3o − r3i ), where ro, ri are the outer
and inner radii of the shell. For regions we used to estimate
the temperature profile, these are 0.3− 0.1, for the inner and
outer parts of the shell, respectively. Together with the dust
mass estimated using the flux in individual regions, this im-
plies that by ignoring projection effects we underestimate the
total dust mass by a factor of ∼ 7. Note, however, that the
observed morphology of the infrared emission implies that
the dust shell is clearly not spherically symmetric, so in real-
ity this factor shall probably be a factor of two lower, which
implies the dust mass of 1.5M for the preferred solution
with grain size of a = 0.1µm.
A2 X-ray absorption column and extinction.
The expected optical extinction coefficient can be calculated
from the X-ray absorption column as AV ' NH/1.6× 1021
(Vuong et al. 2003). Based on the X-ray spectrum of the CCO,
an absorption column of (1.4− 1.9)× 1022 has been reported
by (Klochkov et al. 2015), which translates to AV ∼ 8.7− 12
and agrees well with the value obtained from the SED fit
(AV = 8.67).
A3 X-ray emission from the central star.
The central source is detected in X-rays as well (see Fig. 2).
Based on the Chandra X-ray spectrum, its flux is estimated
to ∼ 10−13 erg cm−2 s−1, corresponding to a luminosity of
Lx ∼ 1032 erg s−1 (adopting the absorption column of NH ∼
1.4× 1022 (Klochkov et al. 2015) and a blackbody spectrum
with a best-fit temperature of ∼ 3 × 106 K). We omitted
this measurement in the SED modelling since the hard X-
ray emission of X-ray active stars is believed to be non-
photospheric, but rather due to either enhanced coronal
MNRAS 000, 1–9 (2015)
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Figure A1. Regions used to measure the radial flux profiles in
the 24µm and 70µm bands (the MIPS 24µm image is shown for
reference). The contribution of point sources was excluded from
each image. The outer region was used to estimate the background.
activity or strong shocks in stellar winds. The ratio of the
X-ray to optical luminosity is consistent with values typically
observed from X-ray active AGB stars (Ramstedt et al. 2012).
Thus, we considered the detection of X-rays from the central
source as an additional argument to support the classification
of IRAS 17287-3443 as a post-AGB star.
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